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ABSTRACT 
International Journal of Exercise Science 14(2): 60-75, 2021. Research suggests that beet juice is 
beneficial during aerobic exercise. However, the impact of beet juice during primarily anaerobic exercise is 
equivocal. The purpose of this study was to determine the effects of acute beet juice supplementation on maximal 
intensity performance during 30-s and 60-s maximal-intensity cycling sprints. Using a double-blind, crossover-
study design, 14 anaerobically trained male hockey players completed six Wingate cycling tests: familiarization 
trials of a 30-s and 60-s Wingate test, followed by 30-s Wingate placebo/beet juice trials, and 60-s Wingate 
placebo/beet juice trials. Repeated measures ANOVAs were used to compare the change in power between 
conditions over the duration of each trial. Paired t-tests were run to compare performance between conditions of 
various work and power variables. One-way ANOVAs were utilized to compare the change between conditions of 
the 30-s test to the change between conditions of the 60-s test. Beet juice supplementation yielded no statistical 
differences from placebo in any of the measured variables during the 30-s or 60-s tests (p > 0.05). The percent change 
for fatigue index was significantly different between the 30-s and 60-s tests (p = 0.032) suggesting less fatigue with 
beet juice supplementation. Overall, beet juice did not improve maximal intensity performance during 30-s or 60-s 
cycling sprint tests. Performance during the 60-s bout was not impacted to a greater extent than the 30-s bout after 
beet juice supplementation. These results suggest that beet juice supplementation does not improve short-duration 
exercise performance in anaerobically trained athletes. 
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INTRODUCTION 
 
In recent years, research on exogenous dietary nitrate (NO3-) supplementation during exercise 
has seen a dramatic increase (26). Most of the research on the effects of NO3- during exercise 
have focused on endurance exercise with limited research on short-duration, maximal-intensity 
exercise performance (41). Given the importance of even slight performance improvements for 
athletes competing in high power sports, a safe, easily obtainable NO3- product (such as 
beets/beet juice) could be a desirable element to include in one’s pre-competition regimen. 
Anaerobically trained athletes differ in their performance measures relative to aerobically 
trained athletes. For example, sprinters are reported to reach power outputs that are three to 
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five times greater than what is achieved at one’s ?̇?O2 max (27). During a sprint-based shift in ice 
hockey, two-thirds of the energy used are supplied by anaerobic sources (9). In contrast, as much 
as 80% of the energy utilized during a four-minute bout of exhaustive exercise are supplied by 
aerobic energy sources (22). Therefore, the findings from studies focusing on primarily aerobic 
exercise bouts greater than two minutes in duration do not fully apply to shorter duration 
exercise that is primarily anaerobic in nature due to differences in power production and lower 
reliance on oxygen availability. 
 
Evidence suggests that the NO3- pathway is more active in hypoxic and acidic conditions, which 
are the conditions that occur during intense exercise (42). These findings have sparked an 
upswing in research that examines the potential ergogenic impact of beet juice supplementation 
on supramaximal work (2, 6, 14, 16, 17, 32, 38). Repeated sprint protocols often utilize short-
duration, high-intensity intervals to examine overall performance across exercise sessions (2, 8, 
40). However, fatigue plays a role with each subsequent sprint across the protocol duration and 
total work completed, reflecting a greater impact on aerobic capacity than anaerobic power (23).  
Dietary NO3-’s ability to produce performance benefits during short-duration, high-power 
activity may be mechanistically different from the benefits of NO3- supplementation with 
aerobic exercise (40). The relationship and dual role that the aerobic and anaerobic energy 
pathways play during any bout of exercise is another important consideration. Gastin (22) 
suggested an approximately equivalent contribution of the aerobic and anaerobic energy 
pathways occurs at around 75 seconds of exercise. Very short-duration work (e.g. ≤	30 seconds) 
utilizes a relatively low proportion of its ATP via aerobic energy pathways. Substantial evidence 
suggests that NO3- supplementation improves the efficiency of oxidative metabolism (3, 4, 29, 
42), thus even mostly anaerobic bouts of exercise could still benefit due to a small portion of 
aerobic pathway involvement. The purpose of this study was to determine if acute dietary NO3- 
supplementation, in the form of beet juice, could improve measures of anaerobic power during 
a 30-s maximal-effort bout in anaerobically trained, adult men. With consideration that a longer 
exercise task would rely on a greater contribution of the aerobic energy pathways for ATP 
production and potentially a larger improvement in performance, a secondary purpose was to 
investigate if there was a greater increase in maximal intensity performance with beet juice 
supplementation during a 60-s maximal-effort bout compared to a 30-s bout. We hypothesized 
that measures of anaerobic power would not be significantly different during a 30-s maximal 
effort, but measures of anaerobic power would be significantly different during a 60-s maximal 
effort due to the greater contribution from aerobic energy pathways. 
METHODS 
 
Participants 
Male hockey players between 18 and 45 years old with at least three seasons of competitive 
hockey experience and regular hockey-related training during the previous three months were 
recruited for this study. Hockey players were selected because of the higher reliance on 
anaerobic pathways during hockey training and gameplay (9). Participants were recruited from 
local club teams, USHL junior leagues, and adult A level competitive, recreational leagues. A 
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priori power analysis indicated that for a mean difference of 85 ± 150W at a statistical power of 
0.80, twelve participants were needed. A total of 14 subjects completed the study. Table 1 
presents the characteristics of the 14 study participants. An Institutional Review Board-
approved informed consent form and a Physical Activity Readiness Questionnaire (PAR-Q) (44) 
were completed by all participants prior to enrollment. Additional questions about hockey and 
exercise history were included to ensure that each participant was regularly engaging in high-
intensity, primarily anaerobic exercise, as training status may influence the effectiveness of beet 
juice (37). This research was carried out fully in accordance to the ethical standards of the 
International Journal of Exercise Science (34). 
 
Table 1. Participant baseline characteristics. 
Age (years) 30.86 ± 7.55 
Height (m) 1.82 ± 0.05 
Weight (kg) 81.81 ± 7.95 
BMI (kg/m2) 24.78 ± 2.41 
Body Fat (%) 14.58 ± 7.55 
Hockey Experience (yrs) 16.64 ± 10.02 
Note: Data presented as mean ± SD. 
 
Protocol 
This study utilized a randomized, double-blind, counterbalanced, placebo-controlled, 
crossover-study design. Each participant completed two familiarization trials and four 
experimental trials. Body mass was measured during each visit (Tanita, BWB-800, Tanita Corp., 
Tokyo, Japan) to determine the appropriate resistance for the Wingate tests.  
 
Visit 1: First, body mass and body fat percent were measured using the BOD POD (COSMED, 
Concord, CA) (19). Each participant completed a 30-s Wingate familiarization trial during Visit 
1. The protocol for each Wingate test began with a 10 to 15 minute warm up on a cycle ergometer 
at a self-selected intensity. During the last five minutes of the warm-up, the participants 
completed three 10-second (10-s) sprints to ensure the muscles were adequately prepared for 
the upcoming bout of high-intensity exercise. Following the preliminary warm up, the testing 
protocol consisted of “warm-up,” “ramp-up,” and “test” phases. The warm-up phase included 
pedaling for 20-s at approximately 100 RPM with a resistance of 100W. After 20-s, the participant 
was instructed to increase their pedaling cadence speed, ramping up to their maximal cadence 
(“ramp-up” phase) within 5-s. The test phase began immediately after the 5-s ramp-up phase. 
For the 30-s test, a resistance of 9.5% of the participant’s body weight was automatically applied 
to the flywheel at the onset of the test (21). The participant continued to pedal at a maximal 
cadence while remaining seated in the saddle throughout the test. At the end of the 30-s test, the 
resistance was automatically reduced to 100W, allowing the participant to cool down for a 
minimum of 10 minutes. Participants remained in the laboratory for at least 15 minutes 
following each test to ensure heart rate and blood pressure had recovered after the intense 
exercise bout.  
 
Visit 2: Visits 1 and 2 were separated by at least 24 hours. Visit 2 consisted of a familiarization 
trial of the 60-s Wingate test. The 60-s Wingate protocol was similar to the 30-s test with only the 
Int J Exerc Sci 14(2): 60-75, 2021 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
63 
duration and resistance applied being different from the 30-s test. The same 10-minute warm-
up procedures were followed. As with the 30-s test, the 60-s test was broken into “warm-up,” 
“ramp-up,” and “test” phases. The warm-up and ramp-up matched the 30-s protocol, but the 
resistance applied at the onset of the 60-s test phase was 7.5% of the participant’s body weight 
(21). The 60-s test was designed to maximally challenge the anaerobic pathways (i.e. ATP-CP 
and glycolysis) but would also require a greater reliance on the aerobic system than the 30-s test 
due to the longer duration (21). 
 
Visits 3 through 6: After Visit 2, each participant was scheduled for the four experimental trials. 
During their familiarization sessions, participants were instructed on preparation for visits 3 
through 6 including: maintaining a consistent diet in the 24 hour prior to a test day, keeping a 
24-hour food record, education on specific NO3- containing foods to limit/avoid prior to a test 
day, avoiding commercial mouthwash and/or chewing gum on the day of a test (24), and 
avoiding alcohol in the 24 hours prior and caffeine in the 12 hours prior to a test. Subjects were 
asked to avoid consuming any food or drink for three hours prior to the test apart from water 
(ad libitum) and a standardized snack of a large apple (supplied by the researchers prior to the 
scheduled test day) that was consumed one hour prior to the test. Improvements in performance 
have been correlated to plasma nitrite (NO2-) levels. After beet juice consumption, plasma NO2- 
levels typically peak two-to-three hours post consumption and remain near peak levels until 
five hours post consumption (46). Therefore, consumption of the experimental beverage three 
hours prior to their scheduled test time ensured participants would be in the optimal window 
of time to experience any potential effects from beet juice supplementation. Participants were 
instructed to continue their normal exercise regimen and avoid any significant changes in 
training during their study involvement. They were asked to maintain the same exercise routine 
during the day prior to testing (verified by exercise log) and were instructed to refrain from 
exercise prior to each laboratory visit on the day of the test.  
 
Visits 3 through 6 for each participant were randomized among four conditions: 30-s Wingate 
after consuming beet juice (B30), 30-s Wingate after consuming the placebo (P30), 60-s Wingate 
after consuming beet juice (B60), and 60-s Wingate after consuming the placebo (P60). A research 
assistant not involved in data collection managed the randomization process and prepared the 
appropriate supplement (beet juice or placebo) prior to each participant’s trial. The supplement 
and the standardized snack were provided to the participant 24 to 72 hours preceding the trial. 
Supplements were prepared in standard containers and were placed in a brown paper sack to 
ensure double-blinding status.  
 
Immediately prior to beginning each test, a saliva sample was obtained to evaluate NO level in 
the body. A NO saliva test strip (Berkeley Test, Chicago, IL) was placed on the tongue of the 
participant and held in the mouth for ~5-s, until sufficiently saturated with saliva. The strip was 
removed from the mouth, allowed to react for ~45-s, after which the strip’s color would 
represent an estimated NO2- level in the saliva, which is considered representative of circulating 
NO levels (7). Test strips were assigned a value of 1 to 5+ based on the color rating provided by 
the manufacturer. Values were defined as follows: 1- depleted, 2- low, 3- threshold, 4- target, 5- 
high, 5+ (darker than the highest color on the range). A research assistant not involved during 
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Wingate testing administered the NO test strip assessments and recorded the results to maintain 
the double-blinded study design by those administering the Wingate tests.  
 
Every attempt was made to schedule participants at or near the same time of day for each visit 
to control for diurnal rhythm effects on peak power (30). Participants confirmed compliance of 
consumption of the beverage three hours prior to their appointment by sending a time stamped 
photo after the supplement was consumed (11) and signing an attestation upon arrival to the 
lab for the test. The attestation also confirmed, to the best of their abilities, that they followed all 
other pre-trial instructions in the preceding 24 hours. A 24-hour diet and exercise recall was 
returned to a study investigator during Visits 3 through 6. During Visits 3 through 6, 
participants were randomly assigned to complete either the 30-s or 60-s Wingate test using the 
previously described familiarization trial protocol. Each of Visits 3 through 6 were separated by 
a washout period of at least 48 hours (47). All within-subject experimental trials occurred over 
a two- to ten-week period.  
 
Beet Juice/Placebo Supplements: All of the beet juice supplements supplied by the manufacturer 
had the same lot number, ensuring that the beet powder was processed from the same batch of 
beets. One dose of red beet juice powder (RediBeets, The AIM Companies USA, Nampa, ID) 
containing ~8 mmol (496 mg) NO3- (Analytical Laboratories, Boise, ID) mixed with 237 mL of 
water was utilized for dietary NO3- supplementation. This dose is considered “high” (high > 
7.5 mmol) (35) and was higher than NO3- doses used in previous studies that found 
performance benefits during endurance cycling exercise (28, 43). An equivalent-volume cherry-
apple-cranberry juice blend prepared by a registered dietitian was used for the placebo trials. 
The combination of cherry, apple, and cranberry juice creates a product similar in color to beet 
juice, supporting the double-blinded nature of the study. The placebo juice contained a trivial 
amount of NO3- per dose (~0.98 mg) (Analytical Laboratories, Boise, ID). The placebo and beet 
juice supplements were isocaloric and contained similar amounts of carbohydrate (Table 2). 
Cherry-apple-cranberry juice and beet juice do not have identical nutrient profiles, but most 
fruits are low in NO3- content and thus appropriate for use as a placebo (33). In all study 
documentation provided to participants, they were informed that the study was “assessing the 
exercise performance benefits of different natural, nutritional beverages.” Details about the 
experimental design or the nutritional contents of either the experimental or the placebo 
beverages were not provided to the participants until study-related data collection were 
completed. 
 
Table 2. Nutrient content of beet juice and placebo juice. 
Nutrient Beet Juice Placebo 
Kcal 105 108 
Carbohydrate (g) 21 25 
Protein (g) 7 0 
Fat (g) 0 0 
Sodium (mg) 105 41 
NO3- (mg) 496 0.97 
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Short-duration Power Assessments: The 30-s and 60-s Wingate cycle ergometer tests were utilized 
to evaluate short-duration, maximal-intensity power. The 30-s Wingate is a maximal-exercise 
test that is reproducible and considered to be a valid method of assessing power output during 
primarily anaerobic exercise (25). A 60-s variation of the Wingate was also completed by each 
subject (21). The exercise trials were completed on the Velotron Pro, using a Dynafit bike frame 
(RacerMate Inc., Seattle, WA) with an 86-tooth chain ring that was adjusted ensuring that saddle 
height/fore-aft position and handlebar height/fore-aft position were comfortable for the 
participant. Velotron Wingate Software, Version 1.0 (Racer Mate, 2010) was utilized for data 
collection during the tests. Data variables obtained during the Wingate protocol included 
minimum, peak, and mean measurements of: absolute power (W), relative power (W/kg), and 
RPM. For each variable, “peak” was defined as the highest value achieved over the course of the 
test (generally occurred during the first few seconds of the test) and “mean” was the average 
value over the course of the 30-s or 60-s test. Fatigue index (FI) (%) was also calculated for each 
test. FI was determined by calculating the difference between the peak power and the minimum 
power divided by the peak power. This value represents the reduction in power output from 
the point of the peak power output to the point of the lowest power output. A lower FI reflects 
a greater ability to maintain power output over the course of the test (i.e. lower rate of fatigue). 
 
Statistical Analysis 
All data were reported as mean ± standard deviation (SD). Analysis was completed using paired 
t-tests for variables from the B30 and P30 trials and the B60 and P60 trials to assess if beet juice 
consumption affected the performance measures. In addition, Repeated Measures (RM) 
ANOVA was completed for power output using the 10Hz data for each trial. Percent change 
between the beet and placebo trial was calculated for each variable of the 30-s and 60-s tests. A 
one-way ANOVA was run on the percent-change values to determine if greater effects occurred 
in the 60-s test compared to the 30-s test. Effect sizes (ES) were determined for each variable 
measured in the 30-s and 60-s tests. ES was calculated using the following formula: (Beet Mean 
– Placebo Mean) / Pooled Standard Deviation. ES of 0.2, 0.5, and 0.8 were considered small, 
medium, and large, respectively with ES of 0.2 or less considered to be trivial (15). All analyses 
were completed using SPSS, Version 24 (IBM, Armonk, NY), with statistical significance set as 
an alpha level of 0.05. 
 
RESULTS 
 
Seventeen participants volunteered for this study. Oversampling beyond the a priori calculated 
sample size was completed to account for the possible attrition of subjects over the course of the 
study. Three participants completed only one of the study trials and were not included in the 
final data analysis. With the exception of the 10Hz data, all data analyses were completed on the 
14 participants who completed all six study visits (Table 1). Most participants tolerated the 
consumption of the NO3- supplements well. However, one participant complained of mild-to-
moderate abdominal cramping on two occasions and another participant experienced mild 
nausea and diarrhea on one occasion after consuming the beet juice. RM ANOVA analysis of 
the 24-hour food recalls revealed no significant differences in caloric intake between the 30-s 
beet juice/placebo trials (p = 0.335) or the 60-s beet/placebo trials (p = 0.234). A one-way 
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ANOVA revealed no significant changes in body weight for the participants across the study 
period (p = 0.123). 
 
NO2- Level: All participants confirmed consumption of the supplement three hours prior to their 
scheduled test by sending a time stamped photo of the empty supplement container (11). In 
addition, participants signed a confirmation of adherence to all pre-testing guidelines during 
each study visit. NO2- salivary test results provided confirmation that NO2- levels increased as 
expected after consumption of the beet juice and remained low after consumption of the placebo. 
Using the color-rating scale provided by the test-strip manufacturer (1 = “depleted” and 5 = 
“high”), the mean NO2- test values were 1.36 ± 0.48 and 1.46 ± 0.45 for the P30 and P60 tests 
respectively. The NO2- values prior to the B30 and B60 tests indicated mean values of 4.11 ± 1.09 
and 4.50 ± 0.91, respectively. Paired t-tests revealed significant differences between NO2- levels 
in the placebo and beet juice conditions for both the 30-s and 60-s tests (p < 0.001). 
 
Short-duration Power Performance: An order-effect analysis was completed to determine if 
participants improved in performance measures as they progressed through the testing phase 
regardless of the randomization protocol. A comparison of performance between the 
familiarization trials, and each subsequent visit for each the 30-s and 60-s test revealed no 
significant differences (p > 0.05), indicating that an order effect was not present for the group of 
tests. 
 
30-s Wingate Performance: Analysis of the B30 vs. P30 data indicated no statistical differences 
across any of the variables measured. Maximal power was reached within the first second of the 
test and declined over the course of the test with the minimal power produced in the final 
seconds. A trend emerged for a lower FI (associated with a decreased rate of fatigue over the 
test) after beet juice consumption relative to placebo but it did not reach statistical significance 
(p = 0.059). Figure 1 presents the data from the 30-s Wingate test for comparison of power (Figure 
1A; peak, mean, and minimum), pedaling speed (Figure 1B; peak, mean, and minimum), relative 
power (Figure 1C; peak and mean) and FI (Figure 1D) for each of the 14 study participants. Data 
were analyzed using the raw 10Hz data for the entire 30-s test. Due to lost data files from the 
hard drive, only the complete data sets for eight of the subjects were included in the 10Hz data 
analysis. RM ANOVA indicated no overall difference between the beet juice and placebo trials 
(p = 0.380) (Figure 2). When considering ES, the beet juice had the greatest performance impact 
on minimum power (W) and minimum RPM (ES = 0.26 and 0.22). Beet supplementation was 
also shown to yield a lower FI (ES = -0.31). All other ES values were trivial (ES < 0.20). 
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Figure 1. Changes in power (A), pedaling speed (B), relative power (C) and Fatigue Index (D) during 30-s trial after 
consumption of beet juice vs. placebo (n = 14). In Panels A-C, data represent group mean ± SD. In Panel D, a higher 
FI % indicates a greater rate of fatigue that occurred over the course of the test. Dotted lines represent individual 
participant responses. Mean values are represented by the solid line. There were no significant differences between 
beet and placebo conditions (p > 0.05). 
 
Figure 2. Changes in power after consumption of beet juice vs. placebo during the 30-s test from the 10Hz data (n 
= 8). There was no overall significant difference between the beet juice and placebo conditions (p = 0.380). 
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60-s Wingate Performance: Analysis of the B60 vs. P60 data indicated no statistical differences 
across any of the variables measured. Figure 3 presents the data from the 60-s Wingate test for 
comparison of power (Figure 3A; peak, mean, and minimum), pedaling speed (Figure 3B; peak, 
mean, and minimum), relative power (Figure 3C; peak and mean) and FI (Figure 3D) for each 
of the 14 study participants. As previously mentioned, the analysis of the 10Hz data for the 60-
s test was completed on eight of the original 14 participants. RM ANOVA indicated no overall 
difference between the beet juice and placebo trials (p = 0.093) (Figure 4). As with the 30-s test, 
during the 60-s test maximal power was reached within the first second and decreased over the 
duration of the test with minimal power produced in the final seconds (Figure 4). The ES was 
trivial (< 0.20) for all variables when considering beet juice supplementation’s effect on 
performance variables during the 60-s test. 
 
 
Figure 3. Changes in power (A), pedaling speed (B), relative power (C) and Fatigue Index (D) during 60-s trial 
after consumption of beet juice vs. placebo (n = 14). In Panels A-C, data represent group mean ± SD. In Panel D, a 
higher FI % indicates a greater rate of fatigue that occurred over the course of the test. Dotted lines represent 
individual participant responses. Mean values are represented by the solid line. There were no significant 
differences between beet and placebo conditions (p > 0.05). 
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Figure 4. Changes in power after consumption of beet juice vs. placebo during the 60-s test from the 10Hz data (n 
= 8). There was no overall significant difference between the beet juice and placebo conditions (p = 0.093). 
Comparison of 30-s vs 60-s Tests: To compare the performance changes between the 30-s and 60-s 
tests, the percent change (Δ) between the experimental and placebo supplements was 
calculated for the 30-s and 60-s test. The FI Δ was significantly different when comparing the 
30-s and 60-s tests (p = 0.032). The FI decreased between the B30 and P30 (53.44 ± 8.88% vs. 
56.01 ± 7.79%) while it increased between the B60 and P60 (62.49 ± 8.11% vs. 63.01 ± 9.19%). No 
other significant differences emerged when comparing the percent change between the 30-s 
and 60-s tests. Key measurements are presented in Table 3.  
Table 3.  Comparison of the percent change in the beet and placebo trial between the 30-s and 60-s tests. 
 B30 vs. P30 Δ (%) B60 vs. P60 Δ (%) p-value 
Mean Power (W) 0.69 ± 4.34 -1.09 ± 4.46 0.396 
Mean RPM (RPM) 0.32 ± 4.57 -1.24 ± 4.89 0.485 
Relative Mean Power (W/kg) 0.55 ± 4.62 -1.20 ± 4.75 0.429 
Relative Peak Power (W/kg) -1.96 ± 7.37 -0.69 ± 6.33 0.634 
FI (%) -5.24 ± 9.70 0.50 ± 5.94 0.032* 
Data presented as group mean ± SD. For all variables with the exception of FI, a positive Δ indicates that the beet 
juice improved performance, a negative Δ indicates that the placebo improved performance. For FI, a negative Δ 
indicates a greater capacity to maintain power throughout the test during the beet juice trial. *Statistically 
significant (p < 0.05). 
 
DISCUSSION 
 
The results of this study suggested that beet juice supplementation did not improve 
performance during a 30-s or 60-s maximal intensity test on a cycle ergometer. Additionally, 
beet juice supplementation did not significantly influence performance during the 60-s test to 
any greater extent than its impact in the 30-s test. The difference in the Δ between the beet vs. 
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placebo FI in the 30-s test when compared to the beet vs. placebo FI in the 60-s test did reach 
statistical significance (p = 0.032). This finding suggests that less fatigue occurred (i.e. improved 
ability to maintain power) in participants who consumed beet juice compared to the placebo in 
the 30-s test, when compared to the fatigue that occurred in participants who consumed beet 
juice compared to the placebo in the 60-s test. While this would suggest that there is an ergogenic 
benefit to consuming beet juice during a 30-s sprint, it was not well supported by the other 
findings in this study and it may have limited clinical relevance. However, it is an area that 
should be further investigated in future research.  
 
Previously, only two studies have evaluated the effect of a single dose of beet juice on maximal 
intensity performance during a 30-s Wingate test (17, 38). Using a population of trained athletes 
from a variety of sports, Rimer et al. (38) had participants complete a series of four maximal 
cycling efforts (3-4 s) with two minutes of recovery between each trial. Then, participants rested 
for five minutes before completing a 30-s Wingate test (38). The authors found an improvement 
with beet juice consumption (~11.2 mmol NO3-) in peak power output during the 3-4 s sprints, 
but no significant differences in peak power output, total work completed, or rate of fatigue of 
the 30-s Wingate test (38). While the Rimer et al. (38) study was similar to the present study in 
that they utilized a single dose of beet juice, it differed significantly in the study methodology. 
Rimer et al. (38) used a repeated sprint protocol, which does not allow for complete recovery 
prior to the subsequent sprints. Therefore, there is limited relevance to the present study. Using 
a protocol that was more similar to that used in the present study, Dominguez et al. (17) asked 
participants to complete a single 30-s Wingate test after consuming beet juice or a placebo. 
Despite utilizing a NO3- dose that was lower than the dose used in the present study (~5.6 mmol 
NO3- vs. ~8 mmol NO3-), the authors found that beet juice consumption significantly improved 
peak power output and power output during the initial 5-s of the trial compared to placebo (17). 
While Dominguez et al. (17) reported that the participants in the study were “trained,” upon 
closer inspection it was clear that the training status of the sample population was lower than 
the present study with overall peak power outputs of 841 W compared to 1,177 W in the present 
study. The lower resistance used by Dominguez et al. (17) (7.5% vs. 9.5% of body weight) could 
partially explain the peak power output differences during the 30-s Wingate. However, the 60-
s Wingate protocol in the present study used the same 7.5% of body-weight resistance and the 
participants also generated higher overall peak power (937 W) that the 841 W reported by 
Dominguez et al. (17). Previous research has found that well-trained athletes experience less of 
a rise in plasma NO2-, and less of a performance benefit (45). Thus, the present study is 
consistent with previous reports that suggest that beet juice may be less effective in well-trained 
athletes (26, 36, 38, 45). 
 
Although investigating the mechanistic theories explaining the benefits of dietary NO3- on 
exercise performance were not the focus of this study, a consideration of these theories provides 
important insight into the lack of significant improvements found in the present study. It has 
been suggested that beet juice consumption before exercise may have the ability to (1) reduce 
the O2 cost of ATP resynthesis, thus increasing the mitochondrial phosphate/oxygen ratio, (2) 
reduce the ATP cost of force production and reduce the degradation of PCr during exercise, 
and/or (3) inhibit ATP production with a resulting increase in energy provided via anaerobic 
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pathways (3, 4, 29). If the first two theories were correct, a single bout of high-intensity exercise 
(e.g. a 30-s or 60-s Wingate test) would likely not benefit from these physiologic responses. 
However, NO3- supplementation before repeated bouts of high-intensity exercise could be 
beneficial due to the greater reliance on the aerobic-energy pathways and phosphocreatine 
preservation (31). The third theory is also not well supported for a single, primarily anaerobic 
bout, as several studies have found no differences in lactate production between the NO3- and 
placebo supplemented groups (2, 29, 46). Thus, one would not expect to observe improvements 
in short-duration, maximal-intensity performance with the consumption of beet juice.  
 
Thompson et al. (39, 40) utilized intermittent exercise protocols to investigate beet juice’s role on 
sprint performance. When repeated 6-s sprints on a cycle ergometer were analyzed, beet juice 
significantly improved individual sprint time in five of the first 20 sprints (2nd, 5th, 7th, 8th, and 
13th sprint) when compared to the placebo (40). In a follow up study, performance during five 
20-m running sprints was examined with beet juice improving run time by 1.2% compared to 
the placebo (39). However, one could argue that based on the inconsistent results across all 
sprints (40) and the minor improvement in run time performance (39), these results suggest that 
the improvements in sprint performance with NO3- supplementation were inconsistent. While 
Thompson et al.’s (39, 40) studies revealed inconsistent results in sprint performance following 
five to seven days of supplementation, no improvements in peak power were observed after a 
single dose of beet juice in the present study. 
 
There are several strengths of the present study. The crossover design helped to ensure limited 
subject variability when comparing the experimental to the placebo conditions. Maximal-
intensity performance was assessed using the Wingate test on a magnetically braked cycle 
ergometer, which is considered an effective tool to measure short duration, maximal intensity 
performance (10, 18). Multiple familiarization trials assured a learning effect would have a 
limited, if any, impact on the data (5). Diet, exercise, and diurnal rhythm influences were well 
controlled. A double-blinded design was maintained throughout the study duration. The NO3- 
supplementation was a palatable dose, in the form of beet juice that could realistically be 
consumed by athletes prior to an event. The placebo provided a negligible NO3- amount, and 
the expected increase in circulating NO2- after consuming the beet juice, with a lack of an 
increase after consuming the placebo juice, occurred and was confirmed via saliva NO2- 
measurements. 
 
However, this study did have some inherent limitations. With only 14 participants completing 
all trials, the sample size could be considered small. However, this sample size is comparable to 
other beet juice performance studies (2, 8, 17, 28, 38-40, 46). A priori power analysis indicated 
that a sample size of 12 participants would have been needed to achieve a statistical power of 
0.80. Because of the loss of some of the data files, the sample size for the analysis of the 10Hz 
data in both the 30-s and 60-s tests were under powered (n = 8). Therefore, the lack of significant 
differences reported from the analysis of the 10Hz data should be interpreted with caution. 
Although salivary NO2- values were assessed, another limitation is the lack of plasma NO3- 
values. Peak muscular torque is positively correlated with plasma NO3- values (13). Although 
salivary NO2- values are positively correlated with plasma NO3- values (r = 0.634) (12), it is 
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possible that the plasma NO3- values were inadequate to influence increases in anaerobic 
power. As with any performance study, day-to-day variations in performance could have 
played a role in the present study. However, the intra-individual consistency of the performance 
results in the present study suggest that day-to-day variation was minimal. With these 
limitations noted, this study adds novel information to the existing body of research on beet 
juice as an ergogenic aid.  
 
The dose of the NO3- source (RediBeets) utilized in this study was greater than the 
recommended serving size by the manufacturer. The manufacturer reported that a one 
tablespoon (4 g) serving size contained around 72 mg of NO3- (1.16 mmol) (1). In order to 
achieve our goal of ~8 mmol, our dose contained 28 g of RediBeets. While this dose was around 
seven times greater than the manufacturer’s suggested serving size, the manufacturer suggests 
a minimum of 300 mg for “enhanced athletic performance” (1). Recently, Gallardo and Coggan 
(20) reported on the NO3- content of beet juice products. The authors’ reported that the 
measured NO3- in RediBeets was 0.43 mmol/serving (i.e. ~3.01 mmol/dose utilized in the 
present study) (20). This would suggest that the actual amount of NO3- in the dose utilized in 
the present study was less than half of our reported concentration. Acknowledging that there 
could be variations in NO3- levels from one batch to the next, a sample from the powdered beet 
juice supplement batch utilized for all NO3- supplements in the present study was 
independently analyzed and found to be within the target NO3- range of ~8 mmol (496 mg) 
(Analytical Laboratories, Boise, ID). Nevertheless, the results reported by Gallardo and Coggan 
(20) are important to consider. Based on their results and our independent analysis of samples, 
there appears to be considerable variation in the NO3- levels across samples from this 
manufacturer. However, the NO3- dose utilized in the present study was within the suggested 
range for ergogenic benefits (35). 
 
In conclusion, a dose of ~8 mmol of beet juice did not improve short-duration, maximal-intensity 
exercise performance during a 30-s or 60-s Wingate test. No significant differences were found 
in most of the performance variables when comparing the placebo and beet juice trials. In 
addition, performance during a longer bout of anaerobic work (60-s vs. 30-s) was not impacted 
to a greater extent than a shorter bout after beet juice supplementation. This suggests that the 
benefits of beet juice supplementation observed during aerobic work are not apparent during a 
maximal intensity bout of exercise that requires less than 50% of energy from the aerobic 
pathway (22). 
 
REFERENCES 
 
1. Aim for Health. AIM redibeets, 2020. Retrieved from: http://aim4health2.com/product/aim-redibeets/, 2020. 
2. Aucouturier J, Boissiere J, Pawlak-Chaouch M, Cuvelier G, Gamelin FX. Effect of dietary nitrate supplementation 
on tolerance to supramaximal intensity intermittent exercise. Nitric Oxide 49: 16-25, 2015. 
3. Bailey SJ, Fulford J, Vanhatalo A, Winyard PG, Blackwell JR, DiMenna FJ, Wilkerson DP, Benjamin N, Jones AM. 
Dietary nitrate supplementation enhances muscle contractile efficiency during knee-extensor exercise in humans. J 
Appl Physiol 109(1): 135-148, 2010. 
Int J Exerc Sci 14(2): 60-75, 2021 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
73 
4. Bailey SJ, Winyard P, Vanhatalo A, Blackwell JR, DiMenna FJ, Wilkerson DP, Tarr J, Benjamin N, Jones AM. 
Dietary nitrate supplementation reduces the O2 cost of low-intensity exercise and enhances tolerance to high-
intensity exercise in humans. J Appl Physiol 107(4): 1144-1155, 2009. 
5. Barfield JP, Sells PD, Rowe DA, Hannigan-Downs K. Practice effect of the wingate anaerobic test. J Strength Cond 
Res 16(3): 472-473, 2002. 
6. Bender D, Townsend JR, Vantrease WC, Marshall AC, Henry RN, Heffington SH, Johnson KD. Acute beetroot 
juice administration improves peak isometric force production in adolescent males. Appl Physiol Nutr Metab 43(8): 
816-821, 2018. 
7. Bjorne H, Weitzberg E, Lundberg JO. Intragastric generation of antimicrobial nitrogen oxides from saliva--
physiological and therapeutic considerations. Free Radic Biol Med 41(9): 1404-1412, 2006. 
8. Bond H, Morton L, Braakhuis AJ. Dietary nitrate supplementation improves rowing performance in well-trained 
rowers. Int J Sport Nutr Exerc Metab 22(4): 251-256, 2012. 
9. Burr JF, Jamnik RK, Baker J, Macpherson A, Gledhill N, McGuire EJ. Relationship of physical fitness test results 
and hockey playing potential in elite-level ice hockey players. J Strength Cond Res 22(5): 1535-1543, 2008. 
10. Carey DG, Richardson MT. Can aerobic and anaerobic power be measured in a 60-second maximal test? J Sports 
Sci Med 2(4): 151-157, 2003. 
11. Carroll CC, Trappe TA. Personal digital video: A method to monitor drug regimen adherence during human 
clinical investigations. Clin Exp Pharmacol Physiol 33(12): 1125-1127, 2006. 
12. Clodfelter WH, Basu S, Bolden C, Dos Santos PC, King SB, Kim-Shapiro DB. The relationship between plasma 
and salivary nox. Nitric Oxide 47: 85-90, 2015. 
13. Coggan AR, Broadstreet SR, Mikhalkova D, Bole I, Leibowitz JL, Kadkhodayan A, Park S, Thomas DP, Thies D, 
Peterson LR. Dietary nitrate-induced increases in human muscle power: High versus low responders. Physiol Rep 
6(2): e13575, 2018. 
14. Coggan AR, Leibowitz JL, Kadkhodayan A, Thomas DP, Ramamurthy S, Spearie CA, Waller S, Farmer M, 
Peterson LR. Effect of acute dietary nitrate intake on maximal knee extensor speed and power in healthy men and 
women. Nitric Oxide 48: 16-21, 2015. 
15. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: Lawrence Erlbaum Associates, 
1988. 
16. Cuenca E, Jodra P, Perez-Lopez A, Gonzalez-Rodriguez LG, da Silva SF, Veiga-Herreros P, Dominguez R. Effects 
of beetroot juice supplementation on performance and fatigue in a 30-s all-out sprint exercise: A randomized, 
double-blind cross-over study. Nutrients 10(9): E1222, 2018. 
17. Dominguez R, Garnacho-Castano MV, Cuenca E, Garcia-Fernandez P, Munoz-Gonzalez A, de Jesus F, Lozano-
Estevan MDC, Fernandes da Silva S, Veiga-Herreros P, Mate-Munoz JL. Effects of beetroot juice supplementation 
on a 30-s high-intensity inertial cycle ergometer test. Nutrients 9(12): 1360, 2017. 
18. Dotan R, Bar-Or O. Load optimization for the wingate anaerobic test. Eur J Appl Physiol Occup Physiol 51(3): 
409-417, 1983. 
19. Fields DA, Goran MI, McCrory MA. Body-composition assessment via air-displacement plethysmography in 
adults and children: A review. Am J Clin Nutr 75(3): 453-467, 2002. 
20. Gallardo EJ, Coggan AR. What is in your beet juice? Nitrate and nitrite content of beet juice products marketed 
to athletes. Int J Sport Nutr Exerc Metabol 29(4): 345-349, 2019. 
21. Gastin P, Lawson D, Hargreaves M, Carey M, Fairweather I. Variable resistance loadings in anaerobic power 
testing. Int J Sports Med 12(6): 513-518, 1991. 
22. Gastin PB. Energy system interaction and relative contribution during maximal exercise. Sports Med 31(10): 
725-741, 2001. 
Int J Exerc Sci 14(2): 60-75, 2021 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
74 
23. Girard O, Mendez-Villanueva A, Bishop D. Repeated-sprint ability - Part I: Factors contributing to fatigue. 
Sports Med 41(8): 673-694, 2011. 
24. Govoni M, Jansson EA, Weitzberg E, Lundberg JO. The increase in plasma nitrite after a dietary nitrate load is 
markedly attenuated by an antibacterial mouthwash. Nitric Oxide 19(4): 333-337, 2008. 
25. Jacobs I. The effects of thermal dehydration on performance of the wingate anaerobic test. Int J Sports Med 1: 
21-24, 1980. 
26. Jones AM. Influence of dietary nitrate on the physiological determinants of exercise performance: A critical 
review. Appl Physiol Nutr Metab 39(9): 1019-1028, 2014. 
27. Lamb DR. Basic principles for improving sports performance. GSSI Sports Science Exchange 8(2): 1-6, 1995. 
28. Lansley KE, Winyard PG, Bailey SJ, Vanhatalo A, Wilkerson DP, Blackwell JR, Gilchrist M, Benjamin N, Jones 
AM. Acute dietary nitrate supplementation improves cycling time trial performance. Med Sci Sports Exerc 43(6): 
1125-1131, 2011. 
29. Larsen FJ, Weitzberg E, Lundberg JO, Ekblom B. Effects of dietary nitrate on oxygen cost during exercise. Acta 
Physiol (Oxf) 191(1): 59-66, 2007. 
30. Lericollais R, Gauthier A, Bessot N, Sesboüé B, Davenne D. Time-of-day effects on fatigue during a sustained 
anaerobic test in well-trained cyclists. Chronobiol Int 26(8): 1622-1635, 2009. 
31. MacDougall JD, Hicks AL, MacDonald JR, McKelvie RS, Green HJ, Smith KM. Muscle performance and 
enzymatic adaptations to sprint interval training. J Appl Physiol 84(6): 2138-2142, 1998. 
32. Mosher SL, Sparks SA, Williams EL, Bentley DJ, Mc Naughton LR. Ingestion of a nitric oxide enhancing 
supplement improves resistance exercise performance. J Strength Cond Res 30(12): 3520-3524, 2016. 
33. Nabrzyski M, Gajewska R. [The content of nitrates and nitrites in fruits, vegetables and other foodstuffs]. Rocz 
Panstw Zakl Hig 45(3): 167-180, 1994. 
34. Navalta JW, Stone WJ, Lyons TS. Ethical issues relating to scientific discovery in exercise science. Int J Exerc Sci 
12(1): 1-8, 2019. 
35. Pawlak-Chaouch M, Boissiere J, Gamelin FX, Cuvelier G, Berthoin S, Aucouturier J. Effect of dietary nitrate 
supplementation on metabolic rate during rest and exercise in human: A systematic review and a meta-analysis. 
Nitric Oxide 53: 65-76, 2016. 
36. Peeling P, Castell LM, Derave W, de Hon O, Burke LM. Sports foods and dietary supplements for optimal 
function and performance enhancement in track-and-field athletes. Int J Sport Nutr Exerc Metab 29(2): 198-209, 
2019. 
37. Porcelli S, Ramaglia M, Bellistri G, Pavei G, Pugliese L, Montorsi M, Rasica L, Marzorati M. Aerobic fitness 
affects the exercise performance responses to nitrate supplementation. Med Sci Sports Exerc 47(8): 1643-1651, 2015. 
38. Rimer EG, Peterson LR, Coggan AR, Martin JC. Acute dietary nitrate supplementation increases maximal 
cycling power in athletes Int J Sports Physiol Perform 11(6): 715-720, 2016. 
39. Thompson C, Vanhatalo A, Jell H, Fulford J, Carter J, Nyman L, Bailey SJ, Jones AM. Dietary nitrate 
supplementation improves sprint and high-intensity intermittent running performance. Nitric Oxide 61: 55-61, 
2016. 
40. Thompson C, Wylie LJ, Fulford J, Kelly J, Black MI, McDonagh ST, Jeukendrup AE, Vanhatalo A, Jones AM. 
Dietary nitrate improves sprint performance and cognitive function during prolonged intermittent exercise. Eur J 
Appl Physiol 115(9): 1825-1834, 2015. 
41. Van De Walle GP, Vukovich MD. The effect of nitrate supplementation on exercise tolerance and performance: 
A systematic review and meta-analysis. J Strength Cond Res 32(6): 1796-1808, 2018. 
Int J Exerc Sci 14(2): 60-75, 2021 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
75 
42. van Faassen EE, Bahrami S, Feelisch M, Hogg N, Kelm M, Kim-Shapiro DB, Kozlov AV, Li H, Lundberg JO, 
Mason R, Nohl H, Rassaf T, Samouilov A, Slama-Schwok A, Shiva S, Vanin AF, Weitzberg E, Zweier J, Gladwin 
MT. Nitrite as regulator of hypoxic signaling in mammalian physiology. Med Res Rev 29(5): 683-741, 2009. 
43. Vanhatalo A, Bailey SJ, Blackwell JR, DiMenna FJ, Pavey TG, Wilkerson DP, Benjamin N, Winyard PG, Jones 
AM. Acute and chronic effects of dietary nitrate supplementation on blood pressure and the physiological 
responses to moderate-intensity and incremental exercise. Am J Physiol Regul Integr Comp Physiol 299(4): R1121-
1131, 2010. 
44. Warburton DE, Jamnik VK, Bredin SS, McKenzie DC, Stone J, Shephard RJ, Gledhill N. Evidence-based risk 
assessment and recommendations for physical activity clearance: An introduction. Appl Physiol Nutr Metab 36 
Suppl 1: S1-2, 2011. 
45. Wilkerson DP, Hayward GM, Bailey SJ, Vanhatalo A, Blackwell JR, Jones AM. Influence of acute dietary nitrate 
supplementation on 50 mile time trial performance in well-trained cyclists. Eur J Appl Physiol 112(12): 4127-4134, 
2012. 
46. Wylie LJ, Kelly J, Bailey SJ, Blackwell JR, Skiba PF, Winyard PG, Jeukendrup AE, Vanhatalo A, Jones AM. 
Beetroot juice and exercise: Pharmacodynamic and dose-response relationships. J Appl Physiol 115(3): 325-336, 
2013. 
47. Wylie LJ, Mohr M, Krustrup P, Jackman SR, Ermiotadis G, Kelly J, Black MI, Bailey SJ, Vanhatalo A, Jones AM. 
Dietary nitrate supplementation improves team sport-specific intense intermittent exercise performance. Eur J Appl 
Physiol 113(7): 1673-1684, 2013. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
